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FOREWOR? 
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be considered independently of that of the first two years. Further- 
more, the work of the first two years was covered in a single, unclassi- 
fied report dated March 1966(AFRPL-TR-66-49) and may be obtained as 
report AD U80 U50 by qualified users of the Defense Documentation 
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Project Qigineer, Capt, Joel A. Tolson and 1st Lt. Eugene Irene also 
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Dr. J. B. Seal, Jr., is the Project Scientist and is assisted by 
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Thanks eure due to Dr. E. F. Cain and his associates at Rocketdyne 
for their efforts in supplying a small sample of CIF5. 
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ABSTRACT 

Reactions were studied in which high pressure and elevated temperatures 
were employed. Pressures ranged from 3U0 to about 680 atm, 

Hie reactions studied were as follows: OPa with CsCIF*, OFa with CIF3, 
OFz with NaF4, CsF with NFa, fluorine with NFa, and CsF and fluorine with 
NF3. 
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I.  INTRODUCTION AND SUMMARY 

Hie objective of this program has been the synthesis of new compounds 
comprised of fluorine, oxygen, and nitrogen through the use of high pressure 
reaction conditions. The types of products envisioned were those which 
would be quite likely to have high potential as propeilant oxidizers.  The 
reactions of specific interest that were studied are as follows: 

1. OF?« with CSCIF4 
2. OF2 with ClFa 
3. OFa with Nsl^ 
k. CBF with NF3 
5. Fa with NF3 
6. CsF and Fa with NF3 

High pressure means, in this case, the range between 5,000 and 15,000 psia. 
The temperature range varied between ambient room temperature and 350°•  The 
pressures actually used were about 5,000 and about 10,000 psia although the 
autoclaves were rated for 15,000 at 350°. 

The new products sought frotr the first two reactions are those in which 
one or more of the fluorine atoms in CIF5 are replaced by an 0-F group, e.g., 
F4CIOF.  Another type of product that could have formed in these reactions 
and would have been of considerable interest was the dioxygenyl salt, 0aClF4. 
Our earlier work revealed that OFa decomposes and forms the OaF* radical 
which will in turn react with certain Lewis acids to form the dioxygenyl. 
salt (l). Finally, one can imagine that compounds such as CIF5, CIF3O, 
and ClFj might be products. 

Tfae third reaction listed was studied in hopes that a hypofluorite 
of nitrogen might be formed. 

The last three reactions were studied in an attempt to extend an analogy 
from chlorine to nitrogen with the resultant product being NF5. 

The  results of the reactions are summarized as follows: 

1. When OFa is allowed to react with either CSCIF4 or CIF3 a number of 
products are formed depending on the conditions and the reactor used.  The 
reactors used were constructed of either Monel or Hastelloy-C. The effect 
of pressure appears to hold less significance than that of temperature.  The 
reactions do seem to proceed in much the same way as would be expected if a 
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mixture of oxygen and fluorine was used instead of 0F3 because at tempera- 
tures above 175* there is significant decomposition of OFz into the elements. 
This is somewhat of an assumption because the reactions at room temperature 
and at 125° with an oxygen and fluorine mixture were not tried, and, there- 
fore, it is not known as a fact that the incipient reaction is not that between 
OFa, jser se, and C8CIF4 (or C1F3). At 125° and at room temperature (pressure 
varying from 1,500 to 10,000 psi) OF2 did not react with CsClF*. At tempera- 
tures between 175° and 300° and pressures of 5,000 and 10,000 psi reactions 
did occur. The major constituents of the reaction products were oxygen and 
fluorine. In several cases the next most abundant product was C1F5. The 
yield of CIF5 in one case was 3.k g  which corresponds to about 23^ yield 
based on the fluorine consumed and that which is available from the decom- 
position of OFa. Other volatile products in these reactions were in decreas- 
ing order of abundance FCIO2, FClOa, CF4, and CFaOF (the last two probably 
arising from reaction with Teflon in system).  In two cases, in which the 
Hastelloy-C reactor was used, there were peaks in the infrared spectra 
attributable to MoFe—molybdenum being present in the alloy to an extent 
of about 16^. The other constituents of the alloy present in a significant 
amount do not form (at least not very readily) volatile fluorides.  The 
attack on the reactor was quite extensive when Hastelloy-C was the material. 
The solid products of several experiments were analyzed specifically for 
corrosion products. These results are summarized in Table VI. Monel ordin- 
arily appeared to suffer very little corrosion and, certainly would be the 
material of choice for future high pressure vessels for this t„ - of work. 

2. The reaction of oxygen difluoride with tetrafluorohydrazine was 
accompanied by experimental difficulty. The prdbiem here was that the 
starting materials reacted either as the reactor was being charged (at -I960) 
or as the reactor was being warmed from -I960. This was an extremely exo- 
thermic reaction. Because the materials had already reacted by the time 
room temperature was attained, it was decided not to subject the reactor 
contents to high pressure at elevated temperatures. The products of this 
reaction were found to be FNO, FNO2, NF3, OF2 and what is believed to be a 
trace of FaNO. 

3. No reaction was observed when CsF was allowed to interact with NFa, 
fluorine with NF3, or CsF and fluorine with HFa. The conditions were varied 
such that the pressure ranged from 5,000 to 10,000 psi at temperatures from 
loO- to 300°. 
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II.     RESULTS AND DISCUSSION 
* 

A. The Reaction; Oxygen difluoride with cesium tetrafluorochlorite. 

No reaction took place between oxygen difluoride and cesium tetra- 
fluorochlorite until a temperature sufficient to cause decomposition of 
OFa was reached. At this temperature, i.e. about 170° and above, reaction 
took place giving a mixture of products—those which would be expected if 
the elements were the starting materials instead of OFa.  The major pro- 
ducts were oxygen and fluorine; however, CIF5 was produced in good ^ield 
(23%) based on the fluorine consumed as compared to that available from 
the decomposition of OFa.  Other products isolated and/or identified by 
infrared spectroscopy were FCIO2, FCIO3, OFa, CF4 and an unknown Pubstance 
which appeared in fractions between -110 and -I60 and between -l6ü and -196 
and having absorptions in the infrared at about 7.9^ and 8.17^ .  it is 
believed by this investigator that these are the very strong peaks in trace 
amounts of trifluoromethyl hypofluorit  CFaOF (2).  Similar absorptions 
in the infrared spectra have been attritated to a new compound, FC10, (com- 
pound "C") reported by the workers at Rocketdyne (3).  One may account for 
the formation of CF4 and CFaOF in this work by the attack on the "Teflon" 
seal tape used on the threads of various connectors and fittings in the 
system. There was no evidence of the formation of CIF5O or ClFaO.  The 
results of these experiments are summariz i in Table I. 

B. The Reaction; Oxygen difluoride with chlorine trifluoride. 

The products of the reaction of OF2 with ClFa are quite like those of 
OF2 with CSCIF4.  In this case, however, the yields of CIF5 were much lower. 
Furthermore, the more reactive nature of CIF3 complicated the results because 
of the extensive attack of the reactors, especially those of Hastelloy-C. 
Because of the quantity of molybdenum in Hastelloy-C, the possibility exists 
that the volatile fluoride, MoFe may be formed as a corrosion product.  This 
appears to be the case as there is evidence of MoFe in the infrared spectra 
of the room tempjrature fraction.  Conditions and results are also in Table I. 

C. The Reactions; Cesium fluoride with nitrogen trifluoride, 
fluorine with nitrogen trifluoride; and 
cesium fluoride and fluorine with nitrogen trifluoride. 

This series of reactions was investigated because it was thought that 
one might extend, through the effects of high pressure and temperature, the 
analogy of the reaction that yields C1F5 to nitrogen and the formation of NP5. 
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CsF + C1F3 —► CsClF^ 
C8CIF4 k + Fa _>. CIF5 + CsF 
C8F + NFa _». C8NF4 
CsNF* + Fa-^ CsF + NF5 

In each experiment made there vas at no time any evidence of reaction 
or complex formation. The starting materials were recoverea unchanged. The 
conditions and results of these experiments are summarized in Tables II, III 
and IV. 

D. The Reaction; Oxygen difluoride with tetrafluorohydrazine. 

This reaction was studied with the thought that the hypofluorlte bond 
might be introduced into the molecule. 

N2F4 + OFa —^ NF2OF + NF3 

Another possibility exists here in that OaF* forms at elevated temperatures 
and pressures and could react with the NFa* radical. 

•NFa +*OaF -*- FaNOOF 

Oxygen difluoride does Indeed react with NaF4—and, at a temperature not too 
much above that of liquid nitrogen, an extremely exothermic reaction takes 
place. The products formed from this reaction were found to be FNO, FNOa» 
NF3 and a trace of that which appears to have an infrared spectrum charac- 
teristic of trlfluoramine oxide, F3NO.  Table V summarizes the conditions of 
this reaction. 
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III.     EXPERIMENTAL PROCEDURES 

A.    General; 

llie experimental procedur.» used was the same for each reaction studied. 
The volume of each reactor WUö determined and then charged with the least 
volatile reactant.  In cases where one of the starting materials was a solid, 
the resulting decrease in free volume was determined by using the density of 
the solid to determine its volume and subtracting that amount from the 
volume of the reactor. The quantity of gae required to generate the pressure 
desired at a given temperature was calculated using the corrected volume in 
the ideal gas law.  In some cases the reactor was a Hoke UHSM-30 cylinder 
fitted with a Hoke 10115-2 valve.  Both valve and cylinder are rated for at 
least 5,000 psia and are of Monel.  In the experiments in wh? a the pressure 
exceeds 5,000 psi, one of two reactors of Hastelloy-C was used. These two 
reactors were of the same type construction except that one was made by 
Pressure Products Industries, Hatboro, Pa. and the other was made by Auto- 
clave Engineers. Erie, Pa. One had a volume of 13.3 »1. whereas the other 
was 21.75 ml. The reactor was a high-pressure valve with a high-temperature 
packing extension. The  high-pressure side of the valve had a length of 
tubing of dimensions to give the rating desired and suitable volume connected 
to it. The tubing then was capped off with a high-pressure blind-gland to 
form the autoclave.  Both bodies (i.e., the tubing) were machined from round 
stock with the length being varied and a slight change in ID to give the 
different volumes. A graphica^ description of a similar reactor is given 
in the annual report (l). 

A typical experiment is described as follows: 

The reactor was charged with C8CIF4 and assembled.  It was then connected 
to a Monel-nlckel vacuum manifold (l), evacuated, and weighed. After this, 
the reactor was reconnected to the manifold and condensed into the reactor 
using liquid nitrogen (LNa). By using the gas law and the calibrated volume 
of the manifold, a very close estimate could be made of the amount of OFs 
being added to the reactor. Hie reactor then was reweighed to determine the 
weight of OF2 added. The reactor was then placed in an oven or furnace set 
at the desired temperature for several days. After the reaction period, the 
contents of the cylinder were separated by usual low-temperature fractionation 
techniques. The various fractions were analyzed by infrared spectroscopy. In 
some cases molecular weights were determined. 

10 CONFIDENTIAL 
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B.  Analytical Methods; 

1. Fluorine; After appropriate preparation, the fluoride was distilled 
from sulphuric acid. The distillate was buffered to a pH of 3.2 and titrated 
with standard Th(NÜ3)4 to alizarin Hed-S end point. 

2. Metals; These were determined using a Perkin-Elmer Model 303 Atomic 
Absorption Spectrophotoraettr, 

3» Infrared Spectra; Spectra were made using a Perkin-Elmer Model 337 
Infrared Spectrophotometer, 2.5 to 25 A« The gas cell was of nickel and had 
a path of 5 cm. The windows were AgCl and were fitted to the cell with Kel-^ 
Wax, 
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